The rotifer, Brachionus calyciflorus, was grown with two algae species (Chlorella sp. and Scenedesmus obliquus) at different concentrations (0.1, 1 and 10 × 10 6 cells ml −1 ). The body size (lorica biovolume) of individual rotifer and their egg size were measured when the populations were roughly in the exponential phase of population growth. The body size of the rotifers differed significantly (P < 0.05) among the two algae species used, however this effect was not observed for egg size. The body size of rotifers fed on higher densities of Chlorella sp. (10 × 10 6 cells ml −1 ) was significantly larger than for those fed on lower and medium densities (0.1 and 1 × 10 6 cells ml −1 ). Body size and egg size of rotifers fed with different amounts of Scenedesmus did not differ significantly. The egg size was significantly larger at higher food level of Chlorella. A significantly positive correlation was observed between the adult rotifer body size and their egg size.
Introduction
Rotifers are known to be an important link in the aquatic food web (Hirata et al. 1982; Sarma 1985) . The two freshwater species, Brachionus calyciflorus Pallas, 1766 and B. rubens Ehrenberg, 1838 , are reported to be potential live food in aquaculture (Halbach 1984) , and the former species has been reported to be an excellent live food widely used in aquaculture (Sugumar & Munuswamy 2006) . The nutritional quality, density and body size of rotifers are important factors in the feeding of larval fish (Dabrowski 1984; Sarma 1985) . As the feeding efficiency is a function of prey body size (Bogdan & Gilbert 1982) , rotifers with high feeding efficiency can be expected to channel more energy into reproduction leading to higher production possibilities for mass culture. The size variability of some Brachionus species has been reported in field populations (e.g., Duncan 1983; Duncan & Gulati 1983) as well as in laboratory studies (Snell & Carrillo 1984; Sarma 1985) , but the extent to which the rotifer body size can be manipulated by environmental conditions, mainly food, is not fully known. Growth in many rotifers is a function of food levels and type of food provided (Sarma & Rao 1987) , but no information is available on the effects of food diversity of phytoplankton on the body growth of B. calyciflorus. The rotifer body size is usually measured based on lorica length and width; spine length is rarely included because of the ecological significance of change in the length of posterior lateral spines, due to low food levels (Erman 1962; Gilbert 1967; Halbach 1970) .
Many features of organisms, both physiological (metabolic rate and activity levels) and ecological (generation time, intrinsic rate of increase, etc.), are believed to be strongly correlated with their body size (Calder 1983; Hotos 2002) . The body size in cladocerans and rotifers subjected to predation pressures in nature has been suggested to be an evolutionary response to size-selective predation (Hall et al. 1976) . The body size of rotifers and its plasticity affected by environmental factors other than predation, have received considerable attention in recent years because of the growing interest in their use as the first live food for fish larvae in aquaculture (Sarma & Rao 1987) . The present study examines the effects of two algae species provided at different concentrations on body size and egg size in a population of B. calyciflorus, grown in laboratory condition.
Material and methods

Animals and acclimation
The rotifer, Brachionus calyciflorus, starting with a few amictic females, was collected from Anzali wetland in the south of the Caspian Sea and cultured successfully under laboratory conditions, using the single cell alga, Chlorella as food. The conditions that promoted sustained dense rotifer cultures were food levels of 1-2 × 10 6 cells ml −1 , temperature of 25-27 408 A.A. Kennari et al. 
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Chlorella 100000 cell/ml Chlorella 1000000 cell/ml Chlorella 10000000 cell/ml Scenedesmus 100000 cell/ml Scenedesmus 1000000 cell/ml Scenedesmus 10000000 cell/ml Fig. 1 . Population growth of B. calyciflorus at different food levels and algae species. The arrows point to the moment at which the ovigerous females were sampled for measurements. Shown are means ± SE based on three replicates.
trifuged at 3000 rpm for 5 min, rinsed with distilled water and resuspended in reconstituted moderately hard water (the EPA medium), which was prepared by dissolving 96 mg NaHCO3, 60 mg CaSO4, 60 mg MgSO4 and 4 mg KCl in one liter of distilled water (EPA 1985) .
Experimental design
Two green microalgae, Chlorella sp., a single-cell species, spherical in shape, about 3-5 µm in diameter, and Scenedesmus obliquus, a colonial species (generally 2-4 cell/colony), in which every cell is ∼4.5-7.5 µm in width, ∼10-16 µm in length (i.e., the size of a colony is about 9-15, 18-30 × 10-16 µm) were obtained from IWARC (Inland Waters Aquaculture Research Center), Anzali, Iran. They were offered to the rotifers at three densities (0.1, 1, and 10×10 6 cells ml −1 ), with three replicates for each combination of algae species and density. Thus, a total of 18 1.5 L flasks (2 algae species × 3 food concentrations × 3 replicates) were prepared. Each flask contained 1 L of EPA medium with appropriate food density. The cultures were aerated gently to maintain uniform oxygenation. The initial density of rotifers in each test flask was 30 ind. ml −1 . Experiments were conducted at 25 ± 2 • C. Rotifer densities were measured at 24 ± 2 h intervals by taking 2-3 aliquot samples from each vessel and counting them under a stereomicroscope at a magnification of ×10. Following estimation of their density, every one or two days rotifers were transferred to new flasks by using a 50 µm mesh. The experiment was finished after 10 days, when the population of B. calyciflorus in most replicates began to decline.
For morphometric measurements, only adult amictic, ovigerous females were selected to avoid the possible inclusion of juveniles in the analysis. At each food level and algae species, the animals were sampled when densities were near the carrying capacity ( Fig. 1) . During each trial, 20-25 ovigerous females were removed randomly from the replicates and killed by the 6.5% HCl (Fu et al. 1991) .
The length and width of lorica and the amictic egg diameters were measured under a microscope (Leica -Galen III, USA) using an ocular micrometer (magnification ×40). The increase in body size in B. calyciflorus during the growth phase was reflected in both the length and width of lorica, but not always proportionately. The expression of body size based of lorica biovolume was chosen rather than the expression based on length or width dimension alone, by using the formula: v = 0.52 × a × b × c; were a, b and c, are length, width and depth, respectively; in this formula we supposed that c = 0.4a (McCauley 1984) . Egg size, expressed as volume (V ), was calculated using the formula:
, where a and b are the two diameters of the ellipsoid egg (Sarma & Rao 1987) . Lorica and egg size measurements were taken from ovigerous adults and the amictic eggs carried by them.
Statistical analysis
Two-way analysis of variance was applied for assessment of the effect of food level and algae species on rotifer morphology. A post hoc Duncan's Multiple Range Tests was performed when significant differences were observed at P < 0.05. All variances were checked for normality and homogeneity. Data analysis was done in SPSS software (release 12.0).
Results
Brachionus calyciflorus was cultured successfully with each of the two algae species. Table 1 shows the morphometric parameters of the rotifer and its eggs upon feeding with various concentrations of Chlorella and Scenedesmus. Lorica length, width and biovolume for all replicates were 190-211, 155-168 µm and 1200260-1530310 µm 3 , respectively, and the egg length, width and volume ranged 114-132, 83-93 µm and 524831-723221 µm 3 . Results showed that the algae species significantly affected the lorica area, however, this effect was not observed for egg volume. Food levels significantly affected these indexes ( Table 2 ). The results also showed that there was a significant interaction between algae species and food levels and the egg volume (Table 2). Rotifers fed with Scenedesmus had bigger body size and egg volume than those fed with Chlorella (Table 1, Figs 2, 3 ). Fig. 2 shows that rotifers growing at higher food level (10×10 6 cells ml −1 ) of Chlorella sp. were significantly larger than those at lower (0.1×10 6 cells ml −1 ) and medium (1×10 6 cells ml −1 ) food levels. The body sizes of rotifers fed with different densities of Scenedesmus did not differ significantly.
The size of eggs (produced by adult females) was larger at the highest food level (10×10 6 cells ml −1 ) of Chlorella sp. than at the lower food level (0.1 and 1.0 ×10 6 cells ml −1 ) (Fig. 3) . However, there was no significant difference between the size of eggs produced by adult females fed with different densities of Scenedesmus (Fig. 3) . Considering the algae species, the food level -lorica size and food level -egg size relations were curvilinear (Figs 4, 5) and were described adequately by semilogarithmic regression equations.
Discussion
In this study, the body size but not the egg size of the rotifer Brachionus calyciflorus was significantly influenced by the algae species used as food (Table 2) . Explanations: ns -not significant; * * * P < 0.001; * * P < 0.05.
The body of rotifers fed on Scenedesmus and their eggs size was larger than of those fed on Chlorella. In contrast, the population growth of B. calyciflorus fed on Chlorella was better than in the medium containing Scenedesmus (Fig. 1) . Similar results were obtained by Flores-Burgos et al. (2003) for B. calyciflorus. In general, the energy channeled into reproduction can be utilized to produce a large number of small-sized eggs or a small number of large-sized eggs (Stearns 1976) . When the rotifer B. rubens was fed with three algae species, including Chlorella pyrenoidosa, no statistically significant difference in its egg volume was observed (Hu & Geng 2002) . Like in other rotifer species (King 1967; Snell & Carrillo 1984) , the somatic growth in Brachionus occurs only during 'juvenile phase', i.e., in the period from hatching to maturity (Sarma 1985) . Increase in body size, if any, during the reproduction period is insignificant, since much of the food energy in excess of metabolic requirements is channeled into egg production. In this study, increase in food availability during the pre-reproduction phase led to an increase in body size while the same during the reproductive period resulted in higher fecundity and in larger egg size ( (Hu & Geng 2002) . Sterzynski (1979) observed in many Polish lakes an inverse relation between rotifer body size and trophic state of the lake, with the largest forms occurring in extremely oligotrophic lakes. Similarly, Sarma & Rao (1987) observed that B. patulus collected from fairly oligotrophic ponds during summer months (when pond temperature was generally similar to that used in laboratory cultures) were significantly larger than those cultured in the laboratory under near optimal food conditions. They concluded that the size differences although statistically significant were not due to any genotypic differences, the larger-sized field individuals when cultured continuously under laboratory conditions for many generations did result eventually in a population with individual body sizes identical to those recorded in the original laboratory cultures. Yet, the observed body size differences in nature may not be related to food availability. Sterzynski (1979) suggested that low food levels might delay the onset of maturity and consequently prolong the juvenile phase during which somatic growth usually occurs. The size of eggs produced by B. calyciflorus increased with increasing food availability, indicating that enhanced energy intake at higher food levels contributed not only to higher fecundity but to a larger size of individual eggs as well. This might represent a reproductive strategy with selective advantage since a larger egg results in a larger neonate that has a higher food-gathering capacity and could reach maturity earlier (Starkweather 1980; Duncan & Gulati 1983) .
In many aquaculture operations where selected rotifer species are mass cultured for feeding fish larvae, it is considered highly desirable to provide optimal prey size for maximizing larval survival and growth. Selection of a suitable geographical strain and manipulation of culture conditions (algae food quality and quantity, temperature and salinity) are two possible approaches towards this goal (Snell & Carrillo 1984) . In our study, the maximum increase in body size of B. calyciflorus that could be achieved by offering higher food concentration of Scenedesmus and Chlorella was nearly 27% and 25%, respectively. This value was close to those reported for other rotifers (Yufera 1982; Snell & Carrillo 1984; Okauchi & Fukusho 1984) .
